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ABSTRACT
This study will present a simple, quick, and in
expensive way to producing sinusoidal test targets, which
can then be used in measuring the image quality of a
photographic system by way of a coherent system. The
sinusoidal test targets will be produced from a series
of bar targets using Fourier Optics, and a comparison
study will be made between measuring MTF with a laser
and a microdensitometer. A defocused target series will
also be produced to note the change in MTF of the photo
graphic system.
The results indicate that sinusoidal test targets
can be made quickly and inexpensively, and then can be
used to provide meaningful data in evaluating a system.
It was found that the laser method used in measuring the
MTF of a photographic system was found to be superior
to the microdensitometer in convenience, in speed, and
in noise reduction. However, the microdensitometer can
perform tests which the laser cannot, which still makes
the microdensitometer an essential and invaluable tool
in measuring the image quality of a system.
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INTRODUCTION
The purpose of this experiment is two fold : the
first objective is to show that a simple method can be
used to produce sinusoidal test targets to evaluate photo
graphic systems, and the second objective, is to use the
targets that have been produced to measure the modulation
transfer function (MTF) of a photographic system without
the aid of a microdensitometer.
One of the most widely used methods of measuring the
MTF of a system involves the use of a microdensitometer.
But this can involve much time and money in scanning a
number of sine targets and edges, then proceeding to
determine their modulation, both the object and imaged
sine targets. An alternative method virtually eliminates
the use of a microdensitometer which can quickly and
accurately measure the MTF of a photographic system - by
way of a laser.
The study to follow presents a method which produces
sinusoidal targets quickly and inexpensively, in order to
evaluate the quality of a photographic system, by a very
simple method.
vi
BACKGROUND
There are many ways in which to evaluate a photographic
system which produces an image, such as; resolution, informa -
tion capacity, graininess, acutance, tone reproduction, and
modulation transfer function (MTF) .
In this study, modulation transfer function will be used,
which measures the reduction in contrast of an imaging system .
In terms of an expression for the modulation transfer func
tion of a photographic system, the modulation transfer func
tion is the ratio of the modulation of an image of an object
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to the modulation of that object . Or,
MTF = image modulation / object modulation
If an ideal system was available, it would be obvious
that the MTF (which is measured as a function of frequency)
would be equal to 1.0 at every frequency. Unfortunately,
a system has yet to be designed where the MTF remains at 1.0
for a short frequency range, never mind for all frequencies.
Yet, knowing the MTF of an imaging system is a valuable
tool. It can be used in comparison to other systems in
terms of frequency response in order to select the proper
system. The modulation transfer can be measured for each
element of a system as well as an entire system. Examples
of elements of a system might be a lens or film. Therefore,
MTF is a valuable tool in that it measures the quality of
a system or its elements.
There are several methods that are used in measuring
the MTF of an imaging system, two of which are edge analysis
3
and the use of sinusoidal targets .
The modulation of a sine target can be determined by
scanning it on a microdensitometer and then plotting trans
mittance versus position. Then, by imaging that target of
vii
known frequency on a recording material and scanning that
material, plotting an effective exposure versus position
trace by going back through the characteristic curve of the
recording material, a modulation of the image can be deter
mined. Thus, by having the ratio of the modulation of image
to object, the MTF has been determined for that frequency.
By determining the MTF for a number of frequencies, an MTF
curve can be produced. The reason that only transmittance
and effective exposure can be used in determining modulations
and not density, is because density is non-linear, whereas,
transmittance and effective exposure have linear responses.
In determining the modulation of an image of an object
or the object itself, the mathematical approach would be,
mo _ max ~ ^-min ' fcmax + ^in
where t is the transmittance of the object. The modulation
of the image can be expressed by,
mi _ Hmax ~ Hmin ' --max + --min
where H is the effective exposure for the image of the object.
Thus, MTF = m-_ / mQ .
If the system is linear (whereby a sinusoidal input into
the system produces a sinusoidal output) , the MTF of the
microdensitometer can be eliminated by dividing it out.
Another method, although not the best, is edge analysis. This
is done by scanning an edge and converting the trace in terms
of transmittance versus position. Then, if the trace is dif
ferentiated and Fourier transformed, the modulation transfer
function of the microdensitometer can be determined. The
differential of the scan is in actuality the line spread
function of the microdensitometer. By definition, the MTF
is equal to the Fourier transform of the line spread function
of a system or an element in the system. One of the
viii
drawbacks of using edge analysis is that noise is intro
duced into the evaluation of the system in differentiating
the scan of the edge.
The MTF of the system is finally determined when the
MTF of the microdensitometer is removed.
THEORY
The background discussion relates directly to the
study at hand, in that the two methods that can be used
in measuring MTF, edge analysis and use of the sinusoidal
targets, are used in this study.
After looking over the method used in making the sin
usoidal targets, a question that might arise could be, "why
does this method work"? One must turn his attention to the
spatial frequency domain for the analysis. From the exper
imental procedure, sinusoidal intensity distributions have
been produced from square wave targets or gratings . To
understand why this works, Fourier Optics must be introduced
into the analysis. Distances are chosen so that, by illumin
ating a square wave target with a fluorescent light source, a
shadow image is produced on a screen whose spread function has
a width one third the period of the original target. In act
uality, the Fourier transform of the rectangular window func
tion (whose width is one third that of the original grating's
period) has been multiplied by the Fourier transform of the
grating function. This is expressed by,
?[u(x) * g(x)] = U(f). G(f)
where u(x) * g(x) is the convolution of the two functions,
U(f) is the Fourier transform of u(x) and G(f) is the Four-
3 ,6
ier transform of g(x) . The rectangular window function
has been represented by u(x) and the grating function has been
represented by g(x) . It is this convolution which produces
ix
a sinusoidal intensity distribution on the diffusion screen.
For the actual calculations of multiplying the Fourier trans
forms of the two functions (the grating function and the
rectangular window function) , see the Appendix under FOURIER
ANALYSIS APPLICATIONS.
The Fourier transform of a rectangular window function
of width p/3 is a sine function. The actual function U(f)
is equal to s in (TTf/3 ) /iff/3 for p = 1. The values of the
function for different frequencies are as illustrated in
Table 1, and the graphical representation .of U(f) is
shown in Figure 1.
Table 1
J[ rectangular window function]
f U(f)
0 1.00
+1 0.83
+2 0.41
+3 0.00
+4 -0.21
f u(f)
+5 -0.17
+6 0.00
+7 0.12
Amplitude
Plot of U(f) vs. f
Figure 1
With the original grating function of period p = 1,
summing all the harmonic components to get the Fourier
series coefficients, the Fourier transform of the grating
x
function has been calculated at discrete, corresponding
.c
3
frequencies. The amplitude of the Fourier transform of
the grating function G(f) at the nth harmonic frequency
is equal to sin(n7T/2 )/nrT/2 . Table 2 shows the values
for the function at a DC level of 0.50 and Figure 2 shows
the graphical representation of the function. The product
of the two transforms is what produces a sinusoidal in
tensity distribution. This can be demonstrated by actual
ly multiplying the two functions and plotting the results.
Table 3 and Figure 3 show the tabulated values of the pro
duct of the two functions and the graphical representation.
Table 2
./[grating function]
n G(f) n G(f)
0 0.50 +4 0.00
+ 1 0.32 +5 0.06
+2 0.00 +6 0.00
+3 -0.11 +7 -0.05
Amplitude
_7 _6 -5 -4 -3 -2 -1
-
T
12 3 7
Plot of G(f)
Figure 2
The amplitude spectrum in Figure 3 needs now to be trans
formed from the spatial frequency domain back to the spatial
domain. To do this, it must be realized that the three major
xi
"spikes" in Figure 3 represent a cosine function with the
fundamental frequency of the original square wave target .
By multiplying the Fourier transforms of these two functions
together, the higher harmonics are, in essence, filtered
Table 3
U(f) x G(f)
G(f)
0.50
0.32
0.00
-0.11
0.00
0.06
0.00
-0.05
f u(f)
0 1.00
+1 0.83
+2 0.41
+3 0.00
+4 -0.21
+ 5 -0.17
+6 0.00
+7 0.12
U(f) x G(f)
0.50
0.26
0.00
0.00
0.00
-0.01
0.00
-0.01
Amplitude
* i 1
.7-6-5-4-3-2-1 12 3 4 5 6 7
f
Plot of U(f) x G(f)
Figure 3
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out and all that remains is the fundamental frequency and
the level. This is the beauty of this method. The two
delta functions, at f = +1 and at f = -1, can be transformed
to H(x") = + = 2Acos ( 2tffx") , where A is
the amplitude of the fundamental component. The delta
function at f = 0 is the DC level of the cosine wave.
The amplitude of the fundamental component was calculated
to be equal to 0.26, rather than 0.25, because of the very
small contributions of the higher harmonics that had not
been filtered out completely. Therefore, -the final expres
sion for the exposure onto the film is,
H(x) = 0.50 + 0.52 cos(2/Tfx)
After the sine targets have been produced, the photo
graphic system can be evaluated by using MTF. A different
method was used to measure MTF rather than the customary
microdensitometer approach. A laser was used, instead,
to measure the MTF of the photographic system. There are
several reasons for this selection of methods.
One of the advantages of using the laser is convenience.
Rather than scanning targets and tracing them back through
the characteristic curve of the film, MTF can be directly
measured from the point spectrum produced when the sine
targets are illuminated by the laser's beam. Another
advantage is the reduction in the influence in noise. This
is due in part because the image noise is fairly "flat",
whereas, the image contains a point or line spectrum.
Consequently, it is easy to separate the two (image noise
and the point spectrum) . Something which goes along with
using the laser is that it allows the experimenter to check
the purity of the sine targets being used. This is done by
7
looking at the point spectrum. Any even harmonics present
indicate harmonic distortion. Another advantage, other
xm
than a check for purity and reduction in noise, is that
the laser covers a much larger area in the target than
the microdensitometer. Thus, because it averages a much
larger area, it reduces the amount of noise still further.
In using the laser to determine the MTF of the photo
graphic system, an expression for the image and object in
tensity distributions can be developed. The object inten
sity function can be expressed by,
4
cJ'(x,y) = a + b cos(2^fx)
where x and y are the coordinates in object space. The
ideal image intensity function, free of diffraction-effects
and aberrations, can be expressed by,
4
a'(x',y') =a + b cos(2/rfx') m = b/a
where
x'
and
y'
are the coordinates in image space and
f ' is the frequency in image space. The realistic image
intensity function, which takes into account aberrations
and diffraction-effects, is expressed by,
4
cr(x\y') = a + bM
cos(2^f'x'
+} ) m = bM/a
where f is a phase change. The ratio of m^/rt^ is the
MTF of the photographic system, because if m-_ = bM/a and
rrr? = b/a, then it follows that m-i/m9 equals the MTF of
4
the system, where MTF = M . It should be noted that both
M and} are functions of frequency.
xiv
EXPERIMENTAL PROCEDURE
The experimental procedure can be broken down into
three sections which consist of: 1) producing gratings of
various frequencies, 2) producing sinusoidal targets from
the gratings, and 3) measuring the MTF of the photographic
system by use of a laser and also the microdensitometer as
a comparison.
Producing the gratings :
The basic materials needed in producing gratings is
a large viewbox, black scotch tape (5 mm wide), an
8"
x
10"
camera and some 8" x
10" lithographic film.
On the large viewbox was taped long strips of black
scotch tape, spaced apart the same thickness as the tape
used. By using a ruler incremented in millimeters, the tap-
ings can be spaced apart with reasonable accuracy.
An 8" x 10" camera, with a focal length of 10 inches,
was used to produce gratings. Ilford lithographic film
was used, because all that of interest is black bars on
clear background. In order to produce gratings of certain
frequencies, the proper magnification had to be computed.
This was done through use of the focusing equation, which
is 1/s' = 1/s + 1/f.
By decreasing the spacing between the bars of the
gratings wish to be made, the spatial frequency will be
increased because the spatial frequency is inversely re
lated to the width of a bar and a space. Knowing this,
the gratings can be produced .
Thus, each grating of a certain spatial frequency was
reduced by a certain factor to produce gratings which log
arithmically increased in frequency, because the MTF changes
as a function of frequency logarithmically. Each grating
was photographed twice and the two images were taped
xv
together (which resulted in out -of-register problems)
to avoid reducing the area of the gratings in reducing
the spacing of the bars on the gratings. Processing was
done in Kodalith developer for 3 minutes at room temper
ature. All exposures were made at f/11 for three sec-
conds. In order to reduce flare as much as possible, the
unused areas on the viewbox were blacked out by the use of
black construction paper and the emulsion side of the film
was faced into the viewbox.
Checking the purity of the targets to be produced:
Rather than taking the time to Fast Fourier trans
forming the sinusoidal targets that are to be produced
to get their Amplitude spectrum and determining the
purity of each target, another method less time-consuming
and nearly effective was used.
A target was scanned at a very low frequency (2.9 cycles
per millimeter) with a photometer. A plot was then made to
see what kind of modulation was produced using this method
of making sine targets. The modulation was determined by
dividing the peak level by the average level of the
sinusoid, or the AC level by the DC level. The values used
in producing a sine wave of a certain purity were in units
of foot-candles per meter squared, but this is really ir
relevant. This information will tell us the amount of pur
ity in the targets made, in general. It should be noted
because of the problem of out-of-register of the higher
frequency targets, that as the targets get higher in freq
uency, the purity will also diminish. The higher frequency
targets cannot be tested for purity in this manner though,
because the periods are too small to use a photometer to
test purity. In the final analysis in this section for a
purity check, the modulation of the image of that sinusoidal
intensity distribution (which has a frequency of 2.9 cycles
xvi
per millimeter) will be superimposed onto the modulation
of the sinusoidal intensity distribution on the diffusion
screen to compare modulations between object and image of
the object.
Producing the sinusoidal test targets:
The producing of the sine targets requires only
basic geometry. From the geometrical layout below in
Figure 5, it can be readily be seen that the distance
L = dD3/p, where L is the distance from the flourescent
tube, d is the distance from the grating to the diffusion
screen, S is the distance from the sinusoidal intensity
distribution produced on the diffusion screen to the lens
of the camera which will image this distribution, and p
is the desired period which equals 1 / f . The reduction
onto the 3 5 mm film was twenty times and the focusing
equation was once again used in determining and proper
subject distance. The value of D is of course fixed
because the same flourescent tube was always used, i.e.
3 8 mm.
Geometrical layout of sine targets
Figure 5
By referring to the Appendix under SINE TARGET CAL
CULATIONS, a table of values shows the calculated values
for d and L at each of the ten frequencies that were
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produced. The exposure can be determined by placing a
photometer behind the lens in the camera, measuring the
illuminance, and changing the aperture size to get the il
luminance level needed to get on the straight-line portion
of the characteristic curve produced when the film was pro
cessed. The aim was to have the average density of each
sine target to fall at step 11 on the characteristic curve.
The film used to image these sinusoidal intensity distri
butions was Kodak Type Plus-X Pan film. Once the exposures
were made at the computed distances, another section of the
film was exposed to a step tablet and processed in D-76
diluted 1:1 at 66 F for 7 and one-half minutes. Once the
film was thoroughly dried, it was scanned on a Joyce-Loeb-
bel microdensitometer to determine the frequencies of the
targets (as mentioned in the Appendix) and their modulations
Two wedges were used, with gradients of 0.43 density
units per centimeter and 0.131 density units per centimeter,
in the scanning of the targets on the microdensitometer.
These gradients were used to determine the density ranges
of each target. The density readings on the Joyce-Loebbel
microdensitometer were then converted to diffuse density
values. To do this, a sensitometric strip was scanned on
the microdensitometer and also measured for density on the
MacBeth TD 504 macrodensitometer . A linear regression was
performed using the Doolittle Method (see Appendix under
SINE TARGET CALCULATIONS) to determine an equation of best
fit. The final equation was,
Y = 0.87X + 0.30
where Y is the diffuse density (macrodensitometer density)
and X is the machine density (microdensitometer density)
The modulation was computed by tracing back through
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the characteristic curve of the film used, and the mod
ulations were computed through the relation,
m = Hmax ~ Hmin / Hmax + Hmin
where H is the effective exposure.
The results obtained with the microdensitometer are
still not complete. The MTF of the microdensitometer needs
to be removed from the modulations already computed. This
can be done by scanning an edge. An NBS (National Bureau
of Standards) edge was scanned where the MTF was evaluated
to a cutoff frequency of 200 cycles/mm, which is far beyond
the actual cutoff frequency needed. A computer was used to
determine the MTF. In order to avoid aliasing, the effective
slit width used in scanning was less than five microns . The
sampling interval selected was based on x = 1 / (2fmax),
and resulted in providing one data point every 2.6 microns.
To determine the proper aperture setting to give an effec
tive aperture of five microns , the magnification needs to
be taken into account. Once the trace of the edge has been
made on the graph paper, the arm magnification must also be
considered to determine the proper sampling interval on the
graph paper.
To get a plot of transmittance versus position for the
edge, a density versus position plot is needed. But this
density produced from the scan is machine density, not
diffuse density. Therefore, the stepped density edge
was scanned on the microdensitometer and compared to the
density values measured from the MacBeth TD 504 macrodensito
meter. After linear regression, the equation of line of
best fit was found to be,
Y = 0.69X +0.04
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where, once again, Y is diffuse density and X is the
machine density.
After the density values were picked off the edge
scan at a selected interval as mentioned before, the
density values were converted to diffuse density, which
were then converted to transmittance by the relation of
T = 10 , where T is transmittance and D is density.
Besides taking into consideration the MTF of the
microdensitometer to determine the actual modulation
of the photographic system being studied, but also the
slit width used in scanning all the targets. There
needs to be a correction factor made for each target
because not all the targets were scanned at less than
five microns as was the case when the MTF of the micro
densitometer was determined. As a result, the cutoff
frequency has been reduced lower than 200 cycles/mm if
the slit width was increased for certain frequencies
(which it was). By utilizing the relation T(f) = sinc(rfwf),
the modulations can be corrected by taking the reciprocal
of T(f) and multiplying this by the modulations obtained
after having divided out the MTF of the microdensitometer.
Finally, the MTF of the photographic system as a function
of frequency was plotted out and compared to the results
obtained through the laser method.
Another section involved producing a blur circle
of a certain diameter on each of the sine targets in the
series to be produced. The objective was to observe the
change in modulation (which means a change in MTF) as the
frequency of the sine target was increased. The blur circle's
diameter was set at a "middle" frequency of the sine target
target series produced earlier. The
"middle" frequency is
about 10 cycles/mm, therefore, the blur circle needs to be
0.10 mm in diameter. Once again, the proper distances to
produce a certain condition (namely, a blur circle of 0.10 mm)
xx
were based on geometrical calculations. See Appendix
under BLUR CIRCLE CALCULATIONS. Knowing the new image
distance from calculations based on a 0.10 mm diameter
blur circle and the focal length, the new subject dis
tance can be computed from the focusing equation. The
new subject distance is 1000 mm, or 1 meter. After these
blur circles were produced on film, scanned on the Joyce-
Loebbel microdensitometer, and analyzed, it was observed
that the moculation at each frequency declined rapidly
as the frequency increased. The modulations were measured
to determine the fall-off of the MTF curve compared to the
in-focus MTF curve .
Measuring MTF with the laser:
The laser was set up as illustrated below in Figure 6,
lose fixJ^rfsK JL*}^ di^raSn p'>f fprcrfrom
X
ffi
Laser set-up
Figure 6
Because the beam of the laser used is only about one
millimeter in diameter, a beam expander was used to expand
the beam to about a two millimeter beam diameter. The
lens used to focus the beam was a long focal length lens of
about four meters. A point spectrum was observed. The actual
modulation is proportional to the measured intensity ratio,
which is the ratio of the amplitude of the fundamental frequency
to the amplitude of the level. See the Appendix under CALCULATING
THE MTF OF SINE TARGETS USING A LASER for additional information.
2
The photometer used measured the amplitudes in cd/m , but the
xxi
type of measurement is really irrelevant, whether it be in
foot-candles or microwatts. What is important is that the
same type of measurement be used throughout the measurements,
in measuring the modulations.
In calculating the MTF, or the modulation of the image
in our case (because the modulation of the object is equal
to 1.0), the relationship m equals 2j^ / 1 + AX, will be
used. The detailed analysis can be found in Swing's deter
mination of MTF using a coherent source. In the relation
ship above, p is the ratio of measured amplitudes of the
fundamental frequency to the level. Thus, the MTF can be
directly measured from a point spectrum produced from a
series of sine targets through the use of a laser.
xxi 1
RESULTS / ANALYSIS
The first results that need to be discussed are the
purity of the targets which were produced. A comparison
study, between the sinusoidal intensity distribution pro
duced on the diffusion screen and the image of that dis
tribution, was performed to test for purity. One target
was tested, which was a representation of the rest of the
targets, although it should be noted that alignment pro
blems increased as the frequency decreased in the actual
making of the targets. The graphical comparison of the
two targets (object and image) is illustrated in Figure 6b.
The dashed line indicates the image modulation and the
solid line indicates the sinusoidal intensity distribution
which was scanned with a photometer that was finally imaged
onto 3 5mm film. Both are modulations are from the same
grating frequency of 0.15 cycles/mm. The computed mod
ulations for the object and its image were calculated
to be 0.63 and 0.67, respectfully. The numbers themselves
have really no significance other than the fact that the
object modulation should be normalized to 1.0. What is im
portant is that the shape of the two plots are very similar.
This says much for the purity of the target. Why the mod
ulation of the image is greater than the modulation of the
object on the plots is a problem that needs to be further
investigated. Allowance must be considered for the exact
alignment of the two plots because of the fact that the two
targets were not plotted at the same position along the
targets and that the targets are not perfect.
Samples of the microdensitometer scans of the targets
can be found in Figures 7 through 10, which show the mod
ulations of in-focus and out-of-focus targets from low to
high frequencies. Special attention needs to be drawn to
XXlll
Figure 6b
Modulation Purity Check
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Figure 10, which shows the rapid decay in modulation due
to the lens being defocused. Notice also the high mod
ulation, in contrast to Figure 10, of the defocused tar
get in Figure 8. The lower frequencies are essentially
unaffected by the defocused lens. The remainder of the
scans of the targets and the targets themselves can be
found in the notebook for this experiment.
The second area that needs to be discussed is the
quality of the photographic system, which was measured
through the use of MTF. The MTF curves can be found in
Figures 11 through 14. Each curve was normalized a
second time (the first time because the object modulation
had to be normalized from 0.63 to 1.0) because of high
MTF values, at the higher frequencies used in the exper
iment. The resultant MTF curves produced by the micro
densitometer show unusual dips and high points. This
could very easily be due to the fact that each target
produced did not receive the same effective exposure,
because of problems with the photometer used. Special
note must be made of the cut-off frequency of the defoc
used MTF curve. Rather than cutting off at the expected
10 cycles/mm, it cut off at about 28 cycles/mm. Spec
ulation suggests that the noise from the microdensitometer,
the problem with exposure, and the possiblity that the
blur circle produced was not exactly equal to 0.10 mm in
diameter, might produce this cut-off frequency from the
microdens itometer .
The MTF curves from the measurements made with the
laser in Figure 12, are comparable to the microdensitometer,
except in the low end of the frequency range. This problem
can be explained in the actual MTF calculations with the
laser. The relation, m = 2jtt*V 1 + a* , has a linear re
lation with image modulation at values exceeding A =0.15.
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Less than this and a factor (which changes as p changes)
needs to be introduced to give the actual image modulation.
This is illustrated in Figure 16, relating image modulation
to A . Besides the low end of the frequency range, the
same dipping and rising occurs as in the MTF curves generated
from the microdensitometer. The consistency in the shapes
of the MTF curves from the two methods used shows that the
methods'
measurements were agreeable, but that there was
a problem in the producing of the targets. Once again,
exposure from bad photometric readouts is the prime suspect.
Also, the defocused MTF curves produced from the laser sup
ports the findings that less noise is introduced into the
system when a laser is used for MTF measurement, in compar
ison to the microdensitometer usage.
Finally, the defocused MTF curves need to be discussed.
The curves generated from the microdensitometer and laser
marked
"measured"
on the graphs in Figures 13 and 14 are
simply the ratio of out-of-focus to in-focus MTFs, whereas,
the calculated curve was computed from a Bessel function.
The Bessel function was 2j--(w)/w, where w equals -ff'df, d
being the diameter of the blur circle, f being the frequency,
and J-,( ) being the first order Bessel function. Accord
ing to Rayleigh 's criterion, unless the OPD (optical path
difference) is less than one-quarter of a wavelength, the
2
quality of the image (thus, the MTF) will be degraded. In
our case, the OPD is greater than one-quarter wavelength but
less than one wavelength, because the curves would show more
agreement if the OPD were greater than one wavelength. The
negative values of the Bessel function (which cannot all fit
on the graph) indicate spurious resolution, where lines are
discernible but clear images are not. This characteristic
of an optical system is frequently observed in defocused,
well-corrected lenses whose image of a point produces a
xxxiv
Figure 16
Image Modulation vs . p
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uniform, illuminate circular blur .
The results obtained with the laser in measuring the
defocused MTF are in more agreement with the calculated
MTF curve than with the microdensitometer results. This
could be due to the reduction in noise with the laser
method, in comparison to the noise in the microdensitometer,
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CONCLUSION
The sinusoidal test targets that were produced shows
that sinusoidal test targets can be produced, both inexpen
sively and with speed. Although the targets were not of
the finest quality, they still allowed a person to determine
the quality of a system without sacrificing reliable data.
The sinusoidal targets could not have been produced
using this method without Fourier Optics laying the ground
work for the theory- The method used in making the targets
clearly illustrates the power of Fourier Optics. The fact
that any periodic or aperiodic function can be manipulated
to meet the needs at hand is a powerful tool. And this is
only one simple application to Fourier Optics. Many other
applications can be made to Fourier Optics which can solve
the most complex problems.
The actual MTF results that were obtained (outside of
the defocused series) were not very good. Yet, the out-of-
focus MTF curves clearly illustrated the degradation of
MTF by having a defocused lens. At very low frequencies,
the MTF is unaffected, but at higher frequencies, the
MTF suddenly goes to zero. The fact that the defocused
MTF curve measured from the laser was comparably close
to the Bessel function (compared to the MTF curve from
the microdensitometer) indicated there was elimination of
noise .
All in all, in measuring MTF, the laser was far more
impressive than the microdensitometer in that it offered
convenience and rapid, direct measurement of MTF from the
coherent system. Still, it needs to be kept in mind that
there is no question but that the microdensitometer is
an essential element in measuring the image quality of
a photographic system.
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FOURIER ANALYSIS APPLICATIONS
-Pk
-rlu,
p/z
+f/z
*?h
y
x
(2n=
-4- 5 *(*) cbshrnA Jx
z
+A.
/v*-
- h p/zt.
2
2 C q) c*s(lZrix) Jx
P J _o/., V 0 /
^
PA/
Zfi. ) sin UM
P \ ZcWT I P
-p
oJhese P= 2L
L = P/jL
6W r Sinc(rfn/z )
XXXIX
u(x)
-a, +a-
* Ob-*
'/j-
- liJflfx
iJirf
-cl/).
r LjTtfOi/l. - L aItt/o,/*. ")
=
-L/ ih(>Tr-fa,Jj.)
-
-1 ,sy(rr(a. )
-rr-f -
y
ZVtf) = a* sine/ rr-C CL, }
l-f cv= el3
U(S)= I S.AC^/P/3)
3
Ui L)(-f)= S\r>c(Tr{?/i)
xxxx
SINE TARGET CALCULATIONS
(FORWARD DOOLITTLE METHOD)
To determine the line of best fit for a linear
regression, sets of data are needed which will make
dependent and independent variables Y and X, respect
fully. This is because the equation is,
Y = k>0X0+ b-^ where XQ = 1
Begin by forming a sum of squares table, as in
Table Al below.
Table Al
Sum of Squares
X
0 Xl Y
2
X
0
X X
0 1
2
X
1
X Y
0
xiY
2
Y
X
0
xl
Y
Xn is the number of sets of data. For the example in the
experiment, there were 13 sets of density readings from
the macrodensitometer and the microdensitometer. There
fore, X_ = 13. Table illustrates a set of randomly
chosen values to demonstrate the Doolittle Method.
Table A2
Randomly chosen values
(continued on next page)
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Table A2
Randomly chosen values
X
0 Xl
1 1
2 2
3 5
4 7
5 15
6 6
7 2
8 1
9 10
10 1
11 2
12 3
13 5
5
2
3
4
10
12
13
14
20
12
9
11
7
Complete the sum of squares table by determining:
2 2
XqX-^, XqY , X^ , X-|Y, Y . When these values have
determined, reassemble the sum of squares table with the
2
values inserted, but leave out the Y . It should appear
like Table A3 below.
Table A3
Sum of squares
xo Xl Y
xo 13 11 12
xl 10 9
XXXXI 1
Draw a line under the bottom set of values like illustrated
on the previous page , recopy bottom line and. divide the
entire top line by the value furthermost to the left
(namely, 13), as illustrated in Table A4 .
Table A4
Use of sum o:f squares
13 11
10
12
9
13 11 12
1 0.85 0.92
Draw a line under the bottom set of values. The middle
value (0.85) is a pivot point multiplier. Multiply 0.85
by 11 in the X-[_ column, third row and subtract 10 (in
X]_ column) from this value. Put below 0.85. Multiply
pivot point multiplier by 12 in third row in the Y col
umn and subtract 9 from this value. Put below 0.92.
The complete table should appear as below in Table A 5
when the last line is divided by the number below the
pivot point multiplier.
Table A5
Complete Doolittle Table
XQ X Y
13 11 12
10 9
13 11 12
1 0,85 0.92
XXXXIII
Table A5 (continued)
Complete Doolittle Table
X X
0 1
0.65 -1.20
1.00 -1.90
To determine the coefficients for Y = t>-,X--+ *-oxO ' refer
to table. The values in the table are the values of the
variable X and Y. Therefore, by referring to the bottom
line, X-i_ = 1 and Y = -1.90. If bQ = 0 in this line, then
bL(l) = -1.9. or, bx = -1.9.
To determine bg, go to the third line from the bottom,
where XQ = 1, X-_ = 0.85, and Y = 0.92. Therefore,
b0X0 + h1X1 = Y, or,
b0(l) + (-1.9) (0.85) = 0.92
By simple arithmetic, bQ = -0.69. Therefore, with this
data, the line of best fit would be,
Y = -1.9X - 0.69
The slope of the linear regression is -1.9 and a y-intercept
of -0.69.
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BLUR CIRCLE CALCULATION
PHYSICAL AND GEOMETRICAL LAYOUT
OF BLUR CIRCLE
Figure A10
From the illustration above, it follows that,
a'/ a = b'/ b, therefore,
b' = (a'/ a) b
Then the new image distance must be
s'
= b - b'. The
new subject distance can be computed from the focusing
equation because s' and f are now both defined.
The variable a is the opening of the aperture,
a' is
the blur circle diameter and b is the old image distance
xxxxv
SINE TARGET CALCULATIONS
2 c/mm
2.9 c/mm
4 c/mm
5 . 7 c/mm
7.4 c/mm
9.8 c/mm
14.4 c/mm
17.2 c/mm
28.1 c/mm
3 2.6 c/mm
21 mm
21 mm
21 mm
21 mm
13 mm
13 mm
5 mm
5 mm
5 mm
3 mm
278 mm
3 79 mm
5 07 mm
73 1 mm
585 mm
765 mm
447 mm
63 7 mm
782 mm
675 mm
exposure
f/11 for 1 sec.
f/11 for 1 sec.
f/11 to 16 for 2 sec
f/16 for 4 sec.
f/11 for 4 sec.
f/5.6 for 1 sec.
f/8 for 1 sec .
f/5.6 for 1 sec.
f/8 for 1 sec .
f/8 for 1 sec.
diameter of flourescent tube D = 3 8 mm
xxxxvi
CALCULATING THE MTF OF SINE TARGETS USING A LASER
fi
0.015
0.053
0.018
0.011
0.014
0.006
0.040
0.012
0.119
0.000
0.119
0.000
0.03 5
0.000
0.123
0.000
0.118
0.000
0.051
0.000
f
2.0 0.125
2^/1 + 0%
0.246
2.0* 0.230 0.437
2.9 0.136 0.267
2.9* 0.104 0.206
4.0 0.117 0.231
4.0* 0.083 0.165
5.6 0.200 0.385
5.6* 0.112 0.221
7.4 0.345 0.617
7.4* 0.000 0.000
9.8 0.345 0.617
9.8* 0.000 0.000
14.4 0.188 0.363
14.4* 0.000 0.000
17.2 0.351 0.625
17.2* 0.000 0.000
28.1 0.343 0.614
28.1* 0.000 0.000
32.6 0.225 0.428
32.6* 0.000 0.000
* denotes out-of-focus targets
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